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INTRODUCTION
Diabetes mellitus (DM) type 2 is an emerging problem worldwide and is ultimately leads to an increase in cardiovascular morbidity and mortality (1) . It is estimated that 50 million adults in the United States will be diagnosed with DM type 2 by 2050 (1,2). The exact etiology of DM type 2 is unknown, but multifactorial inheritance has been suggested in numerous studies (3, 4) . In the work of Bastard et al., it was postulated that the risk factor obesity could be associated with inflammation to a certain degree, which might lead to the impaired glucose tolerance and eventually develop into DM (5) . Previous reports have demonstrated correlation between infections and various tumors with certain types of ABO blood groups (6) (7) (8) . Therefore, we hypothesised that Serbian patients with DM type 2 along with a presence of several risk factors could have a unique distribution of the ABO blood groups compared to the Serbian population. Thus, the aim of our study was to evaluate the distribution of the ABO blood groups in sample of Serbian patients with diagnosed DM type 2.
MATERIAL AND METHODS
Study group
We evaluated 114 patients from Serbia who were diagnosed with diabetes mellitus type 2. Prior to inclusion, eligible participants were informed about study protocol and provided consent. The study followed the principles of good clinical practice. The patients were age between 50-65 years of age, with 35 (56.5%) males and 27 (43.5%) females .
Blood samples were drawn from the patients to establish the ABO blood type into one of the following groups:: A, B, AB and O. The established distributions were compared with the distributions of the ABO blood groups within the Serbian population (9) .
The risk factors of positive family history and elevated triglycerides were gathered from the patients' records and anamnesis, whereas increased blood pressure and obesity were assessed during the study. Additionally, the frequencies of the ABO blood groups were analysed in patients with increased HbA1C. Increased blood pressure values were defined above 90 th percentile based on the age, gender and height of the patient (10), whereas excessive weight and obesity was determined based on the body mass index (BMI) and adjusted to age and gender.
Statistical analysis
The ABO blood group distribution values are presented as whole numbers and percentages. The frequencies of the risk factors for each blood group from the ABO blood group system are presented as the mean values with standard deviation (SD). For evaluation of the statistical significance between the distributions of ABO blood groups in different samples, we used the Chi squared test. Unifactorial ANOVA was used for statistical interpretation of the evaluated risk factors frequencies between the different ABO blood groups. The results were considered to be statistically significant when p<0.05.
RESULTS
The most frequent blood group in the evaluated patients was the A blood group (38.7%), whereas the least frequent was the AB blood group (12.9%) ( Table 1) . Regarding gender, the most frequent blood group in males was the A blood group (42.9%), and the least frequent was the AB blood group (14.3%). However, females showed a similar distribution of the A and O blood groups (33.3%) ( Table 1) . For individuals with increased HbA1C levels, the most frequent blood group was the A blood group (40.5%), and the least frequent was the AB blood group (11.9%) ( Table 1) . The highest proportion of evaluated risk factors was observed in patients with type O blood (2.61±0.85), whereas the lowest proportion was observed in patients with type A blood (2.33±1.01) ( Table 1) . We observed a significant increase in the frequency of the AB blood group in Serbian patients with DM type 2 compared with the frequency in the Serbian population (p<0.05) whereas the increase in the distribution of the AB blood group in patients with increased HbA1C was not significant. For the frequencies of the other blood groups within the ABO system, we observed no significant differences (Table 2 ). There was an insignificant difference in the mean values of the risk factor frequencies between the patients with different ABO blood groups (Table 2) .
In comparing the frequency of the 4 risk factors selected within each ABO blood group, we observed that the existence of 3 risk factors was most common for all of the blood groups (A blood group: 41.7%; B blood group: 50.0%; O blood group: 50.0%), except for patients in the AB blood group, in which having either 2 or 3 risk factors occurred at similar frequencies (37.5%) (Graph 1).
DISCUSSION
Previous reports have shown that different ABO blood groups are more frequent in patients with various pathological conditions (e.g., different types of cancers, infections, etc.) (11) (12) (13) . In a couple of studies performed by Serbian researchers, it was reported that the frequency of the A blood group is significantly increased in individuals with congenital hip dislocation, whereas patients suffering from tuberculosis infection were more likely to belong to the O blood group (14, 15) .
The results of our study showed that Serbian individuals with type AB blood are more prone to possibly developing DM type 2 during one's lifetime compared to the overall Serbian population (9) . This finding was accompanied with an increased (albeit insignificant) frequency of the AB blood group in patients with increased HbA1C levels, which can be useful for more complete analysis of obtained result. Kamil et al. (15) reported that there was no significant correlation for any of the ABO blood groups between patients with DM type 2 and controls. Similar results were observed by Cvjeticanin et al. in Serbian individuals (white population) with DM (14) . However, the difference in the frequencies for different ABO blood types between various races and ethnic groups might explain to a certain degree the distinction of the AB blood group frequency between Serbian patients with DM type 2 versus the AB blood group frequency in the Serbian population (16) . In support of the possible role of blood groups in the susceptibility for developing DM type 2, Nemesure et al. showed that Rhesus C+ antigen decreases the likelihood for developing DM type 2 (17) .
Regarding the possible role of gender and ABO blood type in the development of DM type 2, we observed that despite the lack of any significant difference in the dis- Table 2 . Statistical interpretation of the ABO blood group distribution between study individuals Graph 1. Frequency of multiple risk factors within the ABO blood groups *RF: risk factors tribution of the ABO blood groups between genders, the A blood group was more frequent in males, whereas the O blood group was more frequent in females. These initial findings suggest to a certain degree a possible correlation between gender and ABO blood groups in the development of DM type 2. However, it should be noted out that additional studies are needed to investigate this correlation.
We have demonstrated ( Table 1) that, for the patients with DM type 2 from this study, individuals in the O blood group have the highest number of evaluated risk factors, whereas those in the A blood group have the lowest number of evaluated risk factors, despite a lack of significance. These could imply to the assumption that individuals with DM type 2 and having type A blood are less sensitive to the possible influence of the evaluated risk factors, whereas those in the O blood group might be more sensitive. As shown in Graph 1, the patients with DM type 2 with a different number of risk factors have different frequencies within the ABO blood groups. These differences suggest the presence of possible predispositions for development of DM type 2 in individuals with varying numbers of risk factors and belonging to different ABO blood groups.
Although this was one of the first reports that focused on the influence of ABO blood groups, risk factors and gender on the probability of developing DM type 2 further studies with a larger cohort patient population are needed to confirm these results. However, our results could lead to more complex and broader investigations concerning the possible association between ABO blood groups and DM type 2, as well as correlation between ABO blood groups and risk factors in patients diagnosed with DM type 2.
